Lymphocytes cluster about dendritic cells (DC) spontaneously in 48 h cultures of rheumatoid arthritis synovial fluid (RA SF) mononuclear cells and in peripheral blood autologous or allogeneic mixed leukocyte reactions. In the latter case, the clusters are predominantly CD4+ T cells (T4/T8 > 5) and with time progress into blastic cells that express IL-2 (Tac) and/or transferrin (T9) receptors. In contrast, the clusters in RA SF cultures have a T4/T8 ratio of < 1 and a majority of the T8 cells coexpress the Leu 7 marker. T cells in these clusters remain inert and with time the clusters disintegrate. Addition of IL-1, IL-2, or IFN-gamma alone or in combination had no effect on RA
Introduction
Dendritic cells (DC)' were first described in the early 1970s by Steinman et al. In mouse spleen they appear as a distinct type of leukocyte with an extensive network of membranes that express a high density of class II (la) antigens (1) . They were incapable of any phagocytic functions, even under conditions (40% serum) that normally stimulate phagocytosis in macrophages, but could present soluble antigen such as purified protein derivative (PPD) to T cells, induce T cell proliferation, fluorescence analysis; MLR, mixed lymphocyte reaction; PB, peripheral blood; PLL, poly-L-lysine; PPD, purified protein derivative; SEM, scanning electron microscopy; SFM, synovial fluid mononuclear cell; TEM, transmission electron microscopy.
generate active helper cells from unprimed and memory lymphocytes, and cause B cells to secrete antibodies (2) (3) (4) (5) . Cultured spleen cells depleted of DC failed to develop anti-TNP cytotoxic T cells while the addition of a small number of DC restored the antigen dependent response (6) . Most remarkable, DC are 100 times more potent then any other accessory cells in stimulating T cells in mixed lymphocyte reactions (MLR) (7) (8) (9) (10) and are unique in their ability to stimulate autologous T cells in the absence of antigens (9) . This impressive repertoire of immune functions is accomplished by DC in a specific microenvironment. When murine splenic DC and responding T cells are cocultured they aggregate to form distinctive clusters. This occurs during the first 2 d of a syngeneic mixed leukocyte reaction (8, 1 1) . A consequence of the cluster reaction is blastogenesis and the elaboration of IL-2, and B cell helper factors (12) into the syngeneic MLR medium (13). Although the clusters contain < 10% of the available T cells, these immunocompetent units are responsible for almost all the interleukins and growth factors produced in the cultures (3, 8, 14) and physical blocking of cluster formation by interposing an artificial membrane abrogates the observed immunological responses (15) . In all instances the responsible cell is an Lyt-2-helper T cell (4, 5) ; but murine DC can also cluster with and activate cytotoxic T cells (1 6) .
DC have been recognized in man, primarily in blood and inflammatory joint effusions (1O, [17] [18] [19] [20] [21] and they are similar to murine DC in their immunologic functions, insofar as they have been studied (10, (22) (23) (24) . However, the cluster phenomenon with human cells has not been analyzed. In this paper we show that DC and T cells from peripheral blood of normal individuals and patients with RA form clusters in syngeneic, allogeneic, and antigenic specific reactions. The clusters contain a centrally located DC and a predictable admixture of CD4 and CD8 lymphocytes and develop morphologic and phenotypic features associated with blastogenesis. Clusters form spontaneously in mononuclear cell populations from RA synovial fluids, but the profile ofthe participating lymphocytes is different and blastogenesis does not ensue without the addition of specific antigens or synovial fluid. The reasons for the difference in the clusters formed from synovial fluid mononuclear cells as compared to those formed from admixtures of peripheral blood cells is analyzed and their significance discussed.
Methods
Study population. We studied more than 100 patients with definite or classic RA or other joint diseases. The diagnoses were defined by the clinicians who supplied the synovial fluids that were drawn for therapeutic reasons. Blood samples (30-100 ml) were obtained from some of these same patients and from healthy staff members of our hospital. All subjects gave prior informed consent.
Synovial fluid mononuclear cell (SFM) isolation. Synovial fluids were obtained by aseptic joint aspiration into heparinized tubes or syringes. SFM were isolated by Ficoll-Hypaque centrifugation, washed three times with RPMI 1640, and cell clumps dispersed by passage several times through a 25 gauge needle. Cell density was adjusted to 1 X 106/ml, cultured for 48 h in 5% C02, 37°C in 100-mm plastic dishes (Falcon Labware, Cockeysville, MD) in RPMI 1640 supplemented with penicillin (100 U/ml), streptomycin (100 yg/ml), L-glutamine (2 mM) and 10% FCS or 10% human AB serum. Before immunofluorescence analysis the cultured SFM were harvested by gentle pipetting, washed free of FCS, and resuspended in RPMI at 2 X l06/ml.
Immunofluorescence study. For indirect immunofluorescence analysis (IFA), 4 X 104 cells in 20 ,ul of RPMI were attached onto poly-L-lysine (PLL, 50 ,g/ml; Sigma Chemical Co., St. Louis, MO) coated multi-well slides (Carlson Scientific Inc., Pentone, IL) at 4°C for 20 min. All stainings were done at 4°C as described elsewhere (21) .
Briefly, cells were incubated with 20 ,d ofthe appropriate diluted MAB (see Table I ) for 45 min, washed with cold PBS five times, exposed to biotinylated horse anti-mouse IgG for 30 min and subsequently overlaid with fluorescein conjugated avidin (both from Vector Laboratories, Burlingame, CA) for 30 min. The cells adhering to the PLL slides were then fixed with 3% formalin and mounted with polyvinyl alcohol (25) .
Direct fluorescence analysis was performed using commercially available kits from Becton Dickinson (Mountain View, CA). The "Simultest" anti-Leu 3 FITC plus anti-Leu 2a PE was used to determine the CD4 (phycoerythrin conjugated T4) and CD8 (fluorescein conjugated T8) T cell ratio. The Simultest anti-Leu 7 FITC plus anti-Leu 2a PE was used to determine cells expressing simultaneously both NK and suppressor/cytotoxic markers.
Data analysis of immunofluorescence study. PLL adherent cells bearing the appropriate fluorescent Abs were viewed using a Zeiss fluorescence microscope equipped with the epifluorescence condenser III RS. 500 mononuclear cells were counted. The anti-DQ monoclonal antibodies 8C4 and/or Leu 10 were used to mark DC and gave identical results. The total DC and the percent of DC present in cluster was determined by counting only the DQ positive cells with a dendritic appearance (21) , and those DC that were associated with lymphocytes, respectively. A cluster was defined as an aggregation of cells that forms spontaneously in a 48-h culture with a centrally located DC holding five or more lymphoid cells within its long dendritic processes (see Fig.   1 ). The T4/T8 ratio in a cluster was determined by first counting the total number of lymphocytes in a cluster and then determining the percent of fluorescent T4 Using these methods we obtained the following yields: T cells prepared from PBM by rosetting and nylon wool were 80-95% pure. Those obtained by Nycodenz centrifugation always exceeded 95% purity. The T cells from SFM were stickier and usually contained contaminating DCs (2-5%). The DC in the non-T from blood were generally 40-60% pure, occasionally better yields were obtained with the Nycodenz procedure. DC were easier to isolate from SFM because of the larger starting numbers and 60-80% purity was the rule.
Enriched populations of DC and T cells from synovial fluids or from peripheral blood were cultured together in autologous and allogeneic mixtures in RPMI 1640 supplemented with penicillin (100 U/ml), streptomycin (100 gg/ml), and L-glutamine (2 mM) with either 10% heat inactivated FCS or 10% pooled human AB serum. The DC:T ratio was 1:5 to 1:10. 1 ml ofthe mixture at a density of 2 X 1O6 cells/ml was cultured in 24 well flat bottomed tissue culture plates (Linbro Laboratories, Hamden, CT). At appropriate time points, the cells and medium were gently resuspended and 0. On each day of harvest, additional samples were also taken out for phase contrast and fluorescence microscopy analysis using various MAbs staining on PLL-coated slides (see above). In MLR employing mixtures ofcells from SF and blood there was sometimes an admixture of DC from the two sources. This occurred most often in the combina-4._7 Testing the immunocompetence ofRA T cells and DC. To exclude the possibility that RA synovial fluid T cells are unresponsive or that RA synovial fluid DC are ineffective stimulators, T cells isolated from the blood of normal individuals or RA patients were mixed with enriched SF DC populations. The mixed leukocyte reactions were either autologous or allogeneic. As can be seen in Table VI , the T4/T8 ratios (2.10±1.12 for auto-MLR and 3.46±1.65 for allo-MLR) were somewhat less than observed in normal cell mixtures (Table  V) , but the T cells in the clusters which formed were capable of undergoing activation and blastogenesis in 48 to 72 h, and the SF DC developed surface staining with anti-Tac or anti-T9 (Fig. 4) . Essentially the same results were obtained in the reverse situation when isolated RA synovial fluid T cells were cocultured with autologous or allogeneic blood DC (Table VI) . The SFT were activatable by PBDC. Because the mixing experiments required coculture of isolated T and DC enriched non-T fractions, it was necessary to determine whether synovial fluid cells handled in a similar manner would respond differently than unseparated mixtures. No such difference was observed; the cluster profiles and T4/T8 ratios of isolated RA SF T cells cocultured with DC enriched SF non-T cell fractions were similar to unseparated SFM.
An additional opportunity to test the immunocompetence of synovial fluid DC was provided by a patient with the recent reactivation of tuberculosis and joint effusions due to active RA. The clusters that formed from SFM at 48 h in the absence ofantigen were similar to other RA clusters with a T4/T8 ratio of0.83. Over the next 96 h the T cells in the clusters showed no evidence of progression to an activated state. In contrast (Fig.  5) (34) . A viral etiology of RA, while attractive, is unproven (35) . Perhaps in the rheumatoid joint these cells serve to downregulate a potentially damaging ongoing immune reaction by interacting with a constituent in the cluster.
The T cells in RA synovial effusions respond poorly to antigens and IL-2 and make lesser amounts of IL-2 and gamma-interferon than normal blood lymphocytes when stimulated. Although many have cell surface activation markers, they generally lack detectable transferrin receptors, are small in size and disproportionately more cells display Ia than IL-2 receptor (36) (37) (38) (39) . These attributes suggest that a portion ofthe synovial lymphocytes were previously activated and now appear as memory cells (39) . A dissection ofthe CD4 population in inflammatory joint effusions shows a conspicuous decrease in the 2H4+ subset, which are suppressor inducers and are the primary responding cell in the AMLR. Instead the predominant CD4 cell has the 4B4 phenotype of a memory cell (40, 41) . Based on this information one might anticipate that the CD4 cells in the RA SFM clusters would be primarily of the 
